Material and Methods
Percutaneous needle biopsy specimens of the liver from eight cases of Indian childhood cirrhosis were collected for this study. The condition was diagnosed initially on clinical grounds and subsequently confirmed by light microscopic examination of the liver biopsy. One part of the tissue was divided into small blocks of 1 mm cube, fixed in 4% gluteraldehyde in phosphate buffer and postfixed in 1 % osmium tetroxide buffered with veronal acetate. The tissues were then dehydrated in ascending grades of ethanol and embedded in Epon 812. Thin sections were cut with an L.K.B. automatic ultrotome, stained with uranyl acetate and lead citrate, and examined with a Hitachi HU-1 1A electron microscope. The other part of the tissue was fixed in neutral buffered formalin and processed for light microscopic examination in which routine haematoxylin-eosin stain and connective tissue strains were used.
Results
Light microscopic examination reveals characteristic features of Indian childhood cirrhosis as described by us earlier (Nayak et al, 1969; Nayak and Ramalingaswami, 1970; Ramalingaswami and Nayak, 1970) in all the eight cases. There is extensive and severe cytoplasmic damage in the hepatocytes accompanied by marked mesencymal reaction and creeping fibrosis. Parenchymal regeneration is 
HYALINE
Hyaline deposits usually appear in the perinuclear zone as fairly well defined masses of homogeneous, moderately electron-dense material (Fig. 2) . There is, however, no limiting membrane separating them from the surrounding cytoplasm and at places the material appears to be merging with the adjacent cytoplasmic structures. In many areas in the zone immediately surrounding the hyaline, rough endoplasmic reticulum and groups of free ribosomes can be seen (Figs. 2-4) . Some of the rough endoplasmic reticulum at this site appear to be fragmented and merging with the hyaline mass. At higher magnification the hyaline masses are found to be composed predominantly of fibrillary material admixed with fine granules ( They are irregularly distributed throughout the hyaline mass and are not orientated in any particular direction. The fibrils are generally straight profiles but at times they are found to be curved. Occasionally some of these fibrils are disposed in closely packed or even clumped masses. Scattered in the hyaline deposit are present numerous very fine granules of moderate electron density. Larger particles can also be seen either singly or in small groups. A few of these particles measure approximately 400-500 A and appear to be glycogen, while others are smaller, measuring approximately 150 A. and structurally resemble ribosome particles. In addition, the occasional vesicular structure and recognizable fragments of rough endoplasmic reticulum are noted .
Apart from the presence of hyaline, other interesting changes are observed in the hepatocyte. Strikingly, many hepatocytes appear very pale and show large electron-lucent areas within the cytoplasm (Fig. 6 ). In such areas, the cytoplasmic organelles are absent or fewer in number and are rather loosely arranged. It is unlikely that these clear areas represent glycogen since in our sections, having been stained by lead, glycogen should have shown up as electron-dense particles. The same cells may show areas where the organelles, particularly the mitochondria, are present in large numbers and crowded together. In many other cells, irregular dilatation of the cisterns of rough endoplasmic reticulum is evident (Figs. 7 and 8). The dilatation is very marked in some places, resulting in distortion of the rough endoplasmic reticulum system with the formation of spaces of irregular contour into which projections of the distorted walls of rough endoplasmic reticulum are often seen. Mitochondria in hepatocytes showing advanced degeneration appear somewhat fuzzy with loss of clear definition of the membrane and cristae, though they can still be distinguished without difficulty. They do not appear to participate in the formation of cytoplasmic hyaline. Another common abnormality is the presence of many cytoplasmic dense bodies of variable size, shape, structure, and electron density (Fig. 8) . Many of these are membrane-bound and contain varying amount of membranous and/or granular material within them, while others have well defined outlines but without any definite membrane and contain either homogeneous or granular electrondense material. These structures are usually seen in areas of the cytoplasm undergoing obvious degenerative change and are considered to be cytolysomes resulting from focal cytoplasmic degeneration. Not infrequently irregular clumps of bile and lipofuscin pigments are also seen (Fig. 9) . Of the cytoplasmic changes described above, pallor of the hepatocytes with large electron-lucent areas is the most frequent abnormality. This is followed by dilatation of cisterns of rough endoplasmic reticulum and the presence of electron-dense lysosomal bodies in that order of frequency.
The nuclei of most of the hepatocytes appear pale with much less electron density than in the normal liver cell nucleus. On rare occasion the cell junctions between two hepatocytes appear to be widened but no significant change is seen in the bile canaliculi. However, the microvilli of hepatocytes at the sinusoidal border are frequently shortened or absent with flattening of the cell membrane (Fig. 10) . In an occasional liver cell the sinusoidal microvilli have exaggerated lengths and are thrown into tentaclelike processes. Frequently, collagen fibres are seen in close proximity to the cytoplasmic membrane of hepatocytes in the perisinusoidal area (Fig. 10) . The 
Discussion
The presence of cytoplasmic hyaline in hepatocytes as seen in histological preparations is a frequent finding in Indian childhood cirrhosis and may even be considered diagnostic in children between 1 and 5 years of age in this geographical region (Nayak et al, 1969 ). The present study shows that this hyaline consists predominantly of membrane structures together with particles having the general configuration of ribosomes. The fibrillar material may have originated from one or more of the several cytomembranes, particularly the endoplasmic reticulum. The frequent presence of rough endoplasmic reticulum and free ribosomes close to the hyaline masses, with which they often seem to merge, and the occurrence of fragments of recognizable rough endoplasmic reticulum within the hyaline support the idea that the hyaline is possibly derived mainly from the endoplasmic reticulum. Degenerative changes in the rough endoplasmic reticulum, characterized by marked dilatation and distortion of the cisterns in many parts of the hepatocytic cytoplasm, are also commonly observed. It is possible that these cytomembranes later disintegrate and coalesce to form masses of organoid structures visible as hyaline. Our own histochemical studies have earlier indicated that this hyaline, which is composed of lipoproteins and significant amounts of ribonucleoprotein particles, appears to be derived from endoplasmic reticulum (Nayak et al, 1969) .
In their report on Indian childhood cirrhosis, Smetana and his colleagues (1961) mentioned briefly the ultrastructure of liver, including that of hyaline. On the basis of this rather poorly illustrated study, they suggested that the hyaline represented altered mitochondria together with aggregates of agranular reticulum. The single electron micrograph of hyaline shown in their paper seems to represent some intracytoplasmic pigment rather than hyaline. We find no evidence in our study to support the contention that mitochondria form a significant part of hyaline in Indian childhood cirrhosis. Aggregation of either normal or degenerated mitochondria, or, for that matter, of agranular reticulum within or close to the hyaline masses, is not seen in our material. In fact, in hepatocytes containing hyaline the mitochondria rarely show significant morphological alterations outside the areas of obvious cytoplasmic degradation. Such areas of focal cytoplasmic degeneration are usually situated S. Roy, V. Ramalingaswami, and N. C. Nayak some distance away from the areas containing hyaline.
It has been pointed out earlier that the hepatocytic hyaline in Indian childhood cirrhosis closely resembles Mallory's alcoholic hyaline (Nayak et al, 1969; Nyak and Ramalingaswami, 1970; Ramalingaswami and Nayak, 1970) . The latter, however, is no longer considered specific for alcoholic liver disease and has been found in several other human diseases as well as in experimentally induced liver injury (Pappenheimer and Hawthorne, 1936; Baggenstoss and Stauffer, 1952; Hartcroft, 1958; Wilgram, 1959; Becker, 1961; Herdson, Garvin, and Jennings, 1964) . Histochemical studies on hyaline in the liver of alcoholics have shown it to be composed chiefly of basic proteins of histone type combined with phospholipids and devoid of any carbohydrate moiety (Norkin et al, 1960; Becker, 1961) . A recent study on the hyaline found in hepatomas has revealed identical histochemical characters (Norkin and Campagna-Pinto, 1968) . We have also pointed out the morphological, tinctorial, andhistochemicalsimilarity between the hyaline of Indian childhood cirrhosis and the classical Mallory bodies (Nyak et al, 1969) . It is interesting that the ultrastructure of the hyaline in Indian childhood cirrhosis, as observed in our present study, is in close agreement with that of alcoholic hyaline reported by Reppart et al (1963) , Biava (1964) , and Smuckler (1968) . Biava (1964) for the first time presented evidence to suggest that the alcoholic hyaline of Mallory is composed almost entirely of ergastoplasmic membranes, revealing its triple layered structure and granular material resembling ribosomes. The ultrastructural features of the hyaline in our material from Indian childhood cirrhosis appear to be identical to those illustrated by Biava (1964) and by Smuckler (1968) . The latter author, however, suggested that the physical and morphological characters of the alcoholic hyaline were unlike those of any one of the cytomembranes of the hepatocyte. He interpreted the particulate structures in the hyaline as a cross-sectional view of filaments rather than as ribosomes. It seems to us that it is very difficult to draw any firm conclusion about the nature of these fibrils and granules purely on the basis of morphological studies. The evidence from our earlier histochemical studies, however, supports our belief that the hyaline in Indian childhood cirrhosis is a product of or is derived from endoplasmic reticulum, a view identical to that expressed for alcoholic hyaline by Biava (1964) . It is of further interest that in some forms of experimental liver injury hyaline bodies have been shown to be made up almost entirely of masses of endoplasmic reticulum (Bruni, 1960; Herdson et al, 1964) . Some workers claim that the alcoholic hyaline is essentially derived from mitochondria. Flax and Tisdale (1964) are of the opinion that breakdown of mitochondrial and lysosomal elements of the cell and their subsequent coagulation gives rise to Mallory bodies. In their material the hyaline was membrane limited in its early phase of evolution and appeared to be derived from progressively degenerating mitochondria. We have seen no membrane around the hyaline in Indian childhood cirrhosis at any stage and mitochondrial elements are not closely incorporated in these structures. Biava's study (1964) on alcoholic hyaline also failed to reveal any mitochondrial participation. Porta and his colleagues in their experimental studies on chronic alcoholism in rats have repeatedly stressed that the hepatocytic hyaline in alcoholism represents large (megalomitochondria), deformed mitochondria (Porta and Gomez-Dumm, 1968) . While the hyaline in their animals generally appears on light microscopy to be structurally different from the human alcoholic hyaline as well as from the hyaline in Indian childhood cirrhosis, it is also possible that the more irregular hyaline in their alcoholic rats may not show mitochondrial elements.
Other ultrastructural changes as observed in this study clearly depict the picture seen by light microscopic examination. Thus many cells showing large electron-lucent areas appear to represent the clear, ballooned cells. This is a very frequent alteration and is probably due to overhydration of the cells due either to some changes in membrane permeability allowing more fluid to get into the cells or to some alteration within the cell cytoplasm thereby changing its osmolarity so that it holds more water. The pale, vesicular nuclei on light microscopic examination appear as markedly dimished electron density of the nuclei. Large areas of cytoplasmic degenerationwiththeresultingformation of many cytolysosomes are also striking. In some portions ofthe cytoplasm mitochondrial aggregations represent the darker eosinophilic areas seen on light microscopy. The overall picture is one of varied and profound cell injury, largely of the cytoplasm, accompanied by mesenchymal cell reaction and fibrosis. The laying down of collagen in the perisinusoidal area and its insinuation through cell borders and cell junctions are similar to what has been described in other forms of cirrhosis.
The aetiology of Indian childhood cirrhosis is unknown. Nutritional factors do not appear to be operative and the role of hepatitis virus, toxin, genetic predisposition, and metabolic defects as yet remain uncertain Nayak and Ramalingaswami, 1970; Chandra, 1970) .
